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Appendix D: NASA Technology Readiness Levels 
For a lengthier discussion of NASA Technology Readiness Levels (TRL), see 

http://www.hq.nasa.gov/office/codeq/trl/trl.pdf. 

 

Level: Criterion: 

TRL 1  Basic principles observed and reported 

TRL 2  Technology concept and/or application formulated 

TRL 3  Analytical and experimental critical function and/or characteristic proof-of-concept 

TRL 4  Component and/or breadboard validation in laboratory environment 

TRL 5  Component and/or breadboard validation in relevant environment 

TRL 6  System/subsystem model or prototype demonstration in a relevant environment 
(ground or space) 

TRL 7  System prototype demonstration in a space environment 

TRL 8  Actual system completed and “flight qualified” through test and demonstration 
(ground or space) 

TRL 9  Actual system “flight proven” through successful mission operations 
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Appendix E: Independent Cost Estimate 
An Independent Cost Estimate (ICE) was performed for the XOVWM mission (including the second flight 

unit option), as well as a QuikSCAT Replacement mission. This was performed by the Aerospace Corporation, 
primarily by cost analogies to assess the total life cycle cost. The second unit was estimated using benchmarks 
based on historical data, suggesting that it would cost 43% of the first, including launch and operations.  

The ICE estimates for all three options agreed with project estimates to within 4%. This correlation is 
excellent for this point in the project life cycle, suggesting that there is low cost risk associated with any of the 
options. 

QuikSCAT Replacement Option ICE Cost Comparison*  
Category 
(Cost in FY08 $M) 

Independent 
Estimate 

Project Estimate Difference ($M) Difference (%) 

PM/SE/MA $28.31 $30.15 $(1.84)  -6.09% 
Science/Ground $15.59 $13.60 $2.00  14.68% 
Payload System $98.03 $91.51 $6.52  7.12% 
Spacecraft System $69.13 $88.48 $(19.35)  -21.87% 
Reserves $68.19 $66.20 $1.99 3.01% 
Total Development $279.26 $289.94 $(10.68)  -3.68% 
Launch System $32.00 $32.00 - 0.0% 
Phase E $14.25 $14.25 - 0.0% 
Total Mission $325.51 $336.19 $(10.68)  -3.18% 

 
XOVWM Mission ICE Cost Comparison* 

Category 
(Cost in FY08 $M) 

Independent 
Estimate 

Project Estimate Difference ($M) Difference (%) 

PM/SE/MA $43.79 $34.33 $9.46 27.57% 
Science/Ground $27.20 $25.03 $2.18 8.70% 
Payload System $166.27 $161.12 $5.16 3.20% 
Spacecraft System $77.05 $93.56 $(16.51) -17.65% 
Reserves $102.50 $92.10 $10.40  11.30% 
Total Development $416.82 $406.12 $10.69  2.63% 
Launch System $77.00 $77.00 - 0.00% 
Phase E $16.66 $16.66 - 0.00% 
Total Mission $510.48 $499.78 $10.69  2.14% 

 
XOVWM Constellation Option Two Satellite ICE Cost Comparison* 

Category 
(Cost in FY08 $M) 

Independent 
Estimate 

Project Estimate Difference ($M) Difference (%) 

PM/SE/MA $57.56 $40.89 $16.67  40.76% 
Science/Ground $34.01 $27.32 $6.69  24.49% 
Payload System $207.17 $208.99 $(1.82)  -0.87% 
Spacecraft System $119.53 $145.26 $(25.72)  -17.71% 
Reserves $136.59 $125.49 $11.11  8.85% 
Total Development $554.87 $547.94 $6.92  1.26% 
Launch System $154.00 $154.00 - 0.00% 
Phase E $20.66 $20.66 - 0.00% 
Total Mission $729.52 $722.60 $6.92  0.96% 

 

                                                           
* The cost information contained in this document is of a budgetary and planning nature and is intended for informational purposes only. It does 
not constitute a commitment on the part of JPL and/or Caltech. 


